A novel simple, sensitive and rapid kinetic-spectrophotometric method is proposed for the determination of trace amounts of bromide. The method is based on its catalytic effect on the oxidation of methylene blue (MB) by hydrogen peroxide in strongly acidic solution. The oxidation reaction is activated by large amounts of chloride and can be monitored spectrophotometrically by measuring the decrease in the absorbance of MB at 746 nm. The determination of bromide is performed by a fixedtime method at the first 100 s from the initiation of the reaction. Unlike other kineticspectrophotometric methods for the determination of bromide, the proposed method does not require heating the solution. Bromide can be determined in the range from 80 to 960 µg l -1 with the detection limit of 35 µg l -1 . The relative standard deviation of ten replicate determination of 480 µg l -1 bromide was 1.4%. The influence of potential interfering ions was studied. The proposed method was satisfactorily applied to the determination of bromide in seawater without interfering effect from chloride ion. 
Introduction
The determination of bromide is increasingly interested in a variety of fields such as food, contraction material and environmental samples. Bromide ion is one of the trace constituents of seawater, and its average concentration in seawater is approximately 60 -70 mg l -1 [1] . At trace concentrations, it is also found in many waste waters, ground waters and surface waters. Intrusion of seawater can significantly elevate the levels of bromide ion in the surface and ground waters near the sea.
Furthermore, bromide can be converted to reactive gas species, bromine (Br 2 ) and hypobromous acid (HOBr), which can affect to ozone chemistry. Moreover, bromide can combine with many kinds of organic pollutants, which may present in natural waters, to form toxic compounds that can cause serious harm to human health and the environment.
A number of analytical techniques to determine bromide in environmental samples have been reported so far. Some of the most commonly used methods are high performance liquid chromatography [2, 3] , ion chromatography [4] [5] [6] , gas chromatography [7] and capillary electrophoresis [8] [9] [10] . However, such methods require expensive instruments and can suffer from time-consuming for sample preparation and long analysis time. Highly sensitive and selective methods are still required for the determination of trace amounts of bromide in environmental samples.
Kinetic-spectrophotometric methods are attractive alternative method for bromide determination, because they have advantages of high sensitivity, sufficient accuracy, simple procedures and the necessity of less expensive apparatus. Some kineticspectrophotometric methods for bromide determination have been reported. They use several types of indicator reaction [11] [12] [13] [14] [15] [16] [17] [18] ; for example, the reaction systems with pyrocatechol violet in the presence of H 2 O 2 [12] and 4,4'-bis-(dimethylamino)-diphenylmethane (Tetrabase) in the presence of chloramine T [16] were applied to the determination of bromide. However, these methods are severely interfered from iodide, and some of the kinetic methods must be carried out at elevated temperatures for improving sensitivity [18] . Moreover, chloride in millimolar levels can interfere with these kinetic reactions, which leads to the difficulty to apply such kinetic reactions to the determination of bromide in the presence of chloride. In order to overcome such interference problems, we aimed at developing a new kinetic-spectrophotometric reaction for the selective determination of bromide without any extraction and separation steps.
Methylene blue (MB) is one of cationic thiazine dyes, and has been widely used for biological-stain application in bioanalytical chemistry [19, 20] . There were only a few reports on the application of MB to the catalytic analysis of some elements [21, 22] .
However, all of them have been used for the determination of metal ions, and there was no analytical application for halide determination.
In this study, we propose a new kinetic-spectrophotometric method for the determination of bromide in the presence of high chloride matrix, which is based on its catalytic effect on the oxidation of methylene blue with hydrogen peroxide. Large amounts of chloride as an activator was found to enhance the sensitivity of the method.
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The proposed method could determine bromide in the range from 80 to 960 µg l -1 , and be successfully applied to the determination of bromide in seawater samples.
Experimental

Reagents
All chemicals used were of analytical regent grade. 
Apparatus
A UV-2400 PC double beam spectrophotometer (Shimadzu, Japan) equipped with 1.0 cm path length glass cells was used to get absorbance spectra and absorbance-time curves at fixed wavelength. The temperature was controlled by a model Thermominder Mini-80 thermostat water bath (Taiyo, Japan). A stop-watch was used for measuring the reaction time.
Recommended procedure
All of the reagent solutions were brought to the required temperature before
mixing. 
Titration for the determination of bromide
The titration was performed according to the method recommended in "Handbook of Anion Determination" [23] . A 10.0 ml of seawater was transferred into 250 ml conical flask followed by the addition of 5 ml of 1 mol l -1 KH 2 PO 4 , 5 ml of 2 mol l -1 NaCl and 2.5 ml of 0.35 mol l -1 NaOCl. Then the mixture was heated just to boiling and then add 5 ml of 50 %(w/v) HCOONa. The solution was then cooled and diluted to approximately 100 ml with water. A 15 ml of 10 %(w/v) KI, 15 ml of 3 mol l -1 H 2 SO 4 and 1 ml of 0.1 mol l -1 ammonium molybdate were added. The mixture was titrated against a standardized Na 2 S 2 O 3 solution (about 2.7x10 -3 mol l -1 ), using 1 %(w/v) starch as an indicator.
Results and discussion
Preliminary investigations
We, for the first time, observed that halogen ions can act as a catalyst on the decolorization of MB in the presence of H 2 O 2 . The mechanism of the decolorization of MB is seemed to be as follows.
(1) Halide ions can be oxidized by H 2 O 2 to halogen as the following reaction:
The halogen formed can react with MB to form an oxidized product, and this reaction cause the decolorization of the blue color of MB as follows:
We examined the change in the absorption spectra, which were determined by scanning the spectrum of a reaction solution over the range of 500-800 nm. MB is a blue-colored reagent and has two maximum absorption wavelengths at 672 and 746 nm in strong acidic medium, and can be oxidized by H 2 O 2 at an extremely slow reaction rate to give a reddish product. Fig. 1 However, the effect of bromide is considerably activated in the presence of large amounts of chloride (curve 4), whereas trace amounts of iodide can catalyze slightly the reaction even when chloride is present in the reaction system (curve 5): the catalytic effect of iodide shows a slower reaction rate than that of bromide. As is also 
Effect of reaction variables
Effect of sodium chloride on the catalytic reaction
As can be seen in indicate that large amounts of chloride can act as an activator for enhancing the sensitivity of the method.
Effect of acids and acidity on the decolorization of MB
From the preliminary examination, it was found that kinetic reaction did not occurred in the acidic medium of acetic acid, whereas the kinetic reaction occurred when sulfuric acid, nitric acid and hydrochloric acid was used; with respect of the decolorization of MB, sulfuric acid was the most effective of all the acids tested because it provide the highest acidity (1 mole of acid equal to 2 mole of proton). Hence, sulfuric acid was selected as the acidic medium in this work.
The effect of sulfuric acid concentration was examined over the ranges from 0.25 to 1.75 mol l -1 . Fig. 4 shows that the absorbance of blank mixture and ΔA value increase rapidly with increasing in the sulfuric acid concentration up to 1 mol l -1 , and at the concentrations of more than 1 mol l -1 they become almost identical. Therefore, the sulfuric acid concentration of 1.25 mol l -1 was used for the method.
Effect of hydrogen peroxide concentration on the decolorization of MB
The effect of H 2 O 2 concentration on the sensitivity was investigated in the 
Effect of methylene blue concentration on the sensitivity
The MB concentration was optimized by varying the concentrations from 2x10 
Effect of temperature on the sensitivity
The effect of temperature on the sensitivity was examined in the range of 20 to 50 o C. At high temperatures, the decrease of the absorbance differences (ΔA) occurred, which is probably due to the degeneration of MB. At the temperature from 20 o C to 25 o C, the highest absorbance difference (ΔA) was obtained; 25 o C was selected for further experiments.
Analytical characteristics
Under the optimized conditions given above, the calibration graph was prepared using standard bromide solutions, whose concentrations were between 80 to 960 µg l was evaluated by ten replicate determination of 480 µg l -1 of standard bromide: the relative standard deviation was 1.4%, and the detection limit was 35 µg l -1 , which was calculated as three times of the standard deviation of the blank value (3σ of blank).
Interference study
The criteria for the interference from coexisting substances were considered to be within a relative error less than +5% of the average ΔA for the 480 µg l -1 of bromide.
A number of foreign ions may present in seawater, and the effects of such interferences were examined using the proposed method for the determination of bromide. The maximum tolerable molar ratios of the interfering ions in the determination of 480 µg l -1 of bromide are summarized in Table 2 . Most of metal ions show less interference.
Such ions as Na Normally, bromide content in seawater was approximately 60-70 mg l -1 . Dilution of seawater to 25 folds should be done prior to the measurement of bromide by proposed method. Therefore, such interferences can be suppressed, and the effect of these ions can be negligible.
Application of the proposed method to seawater samples
Recovery test of bromide in seawater samples was studied by the addition of 2.4 mg l -1 standard bromide into 25 folds diluted samples. As shown in Table 3 , the recoveries were ranging from 95.2 to 106% (n=8). These results indicated that the components in the seawater samples do not interfere with the determination of bromide.
Eight kinds of seawater samples were analyzed for bromide content, the results were compared with the titrimetric method [23] . Table 3 shows the analytical results obtain by the proposed kinetic-spectrophotometric method and the titrimetric method for the determination of bromide in seawater. The results obtained by both methods are in good agreement with each other. Paired t-test [24] was employed to compare the difference in the results. No significant difference was found (t observed = 0.45, t critical = 2.36 at P = 0.05). These results demonstrate that the proposed method is suitable as an alternative method for the determination of bromide in seawater.
Conclusion
A new kinetic-spectrophotometric method for the determination of bromide in seawater was accomplished. In the proposed reaction system, high concentrations of chloride can act as an effective activator for the catalysis of bromide. Therefore, using chloride has an interesting advantage over other kinetic reactions in which chloride may interfere with the kinetics of reactions. The method was successfully applied to the analysis of bromide in seawater. (1) 
Table 1
Results obtained by using of different concentrations of methylene blue Table 2 The maximum tolerance value of various foreign ions for the measurement of 480 µg l -1 (6x10 -6 mol l -1 ) bromide by the proposed method Table 3 The results for the determination of bromide in seawater samples 
